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ABSTRACT
Saguinus geoffroyi, a small neotropical primate that ranges from the Chocó region of Colombia
along the Pacific coast of Panamá to the eastern side of the Azuero peninsula. They are known to
be a disturbance tolerant species and are mostly found in secondary growth and forest edges
where understory growth is moderately dense. They have 3 main food sources: insects, small
fruits and exudates (plant saps), which are located in different layers of the forest, although the
composition of these may change depending on the season. This study attempted to determine
the common food resources, foraging time and location of a population of Geoffroy’s tamarins
living within Parque Natural Metropolitano, a secondary, tropical dry forest located within the
Panama City Metropolitan area. A combination of instantaneous and focal scans was used to
record behavior, location and food resources. During 13 days of observation, 23 detection events
occurred, for a total of 9.267 hours. The average number in each group was 4.47±1.92
individuals. There was a significant difference in the time at which the groups were observed at
different sites (df=5, p=0.04232). A significant difference between the frequency of activities
was found (d.f.=2, p=0.0101). Comparison of wet and dry season use revealed a greater presence
in the southern, lowland regions of the park during the dry season. Foraging time represented the
smallest portion of time spent, which aligned with observations found in other studies. Because
of increasing urbanization, conservation of species, especially those that are known to be tolerant
of habitat disturbance, need to be better understood for future conservation efforts of protected
areas located within urban areas. Future studies are recommended to further understand habitat
and resource use of this species.
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INTRODUCTION
Study Site
Parque Natural Metropolitano (PNM), a secondary, tropical dry forest encompassing an
area of over 232 hectares, was designated in the 1980s (Cray & D’Avignon 2009). Tropical dry
forests are one of the most threatened of lowland tropical forests (Sorenson and Fedigan 2000).
PNM is part of the Biological Corridor and is adjacent to Parque Camino de Cruces on its
northern edge (Figure 1). These parks are segmented by Via La Amistad, which impedes the
ability of animals, especially arboreal animals, from crossing between the parks (MiAmbiente
2013). There are 2 arboreal overpasses over Via La Amistad, but they lack any vegetation and
offer no protection from avian predators (personal observation). Avenida Juan Carlos II bisects
the park along the southern edge, but overhanging trees allow for connection across the road. As
part of the Biological Corridor, the park helps to maintain the rich biodiversity of Panama and is
listed as a key biodiversity area (KBA) and important area for birds (IBA) (ANAM 2014). There
are only 2 primate species present in the park, Saguinus geoffroyi, Geoffroy’s tamarin, and
Alouatta palliate, Mantled Howler monkey (pers. communication, April 2016). The park is an
important tropical dry forest habitat because it is the only tropical forest in the American tropics
that is situated within a city (MiAmbiente 2013). This type of urban forest landscape is likely to
become more prevalent as human populations expand (Diaz-Munoz 2010). Because of its
location and limited area, this type of landscapes is a valuable place to study behaviors and
collect data on anthropogenic impacts.
Study Species
Saguinus geoffroyi, known by its common names Geoffroy’s tamarin, rufous-naped
tamarin, or mono tití in Panamá, is a small neotropical primate that that ranges from the Chocó
region of Colombia along the Pacific coast of Panamá to the eastern side of the Azuero peninsula
(Moynihan 1970; Rylands et al 2006). S. geoffroyi generally inhabit regions of tropical moist
forest (Moynihan 1970). Geoffroy's tamarin was originally thought to be a subspecies of
Saguinus oedipus, or the cotton-top tamarin, which is common in Colombia. The groups were
separated after research revealed physical differences in the cranial and facial structures of the
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two groups (Moore and Cheverud 1992; Rylands et al 2006). They both belong to the family of
monkeys known as Callitrichinae and are part of the tamarin genus, Saguinus. They are
considered medium size for tamarins (Moynihan 1970). There is a greater body of research on
the cotton-top tamarin than on Geoffroy’s tamarin, thus presenting a need for additional research
on this species.
Adult Geoffroy’s tamarins are usually 450-500 grams and live in groups of 6-10
individuals (Garber 1980, Sussman 2000). Adult females usually give birth to twins and the
males usually assume the role of carrying infants, although often one of the infants dies shortly
after birth (Moynihan 1970). Food resources are assumed to be the limiting factor to the number
of offspring a group can have (Moynihan 1970). Studies have been done on the diet (Garber
1987, Garber 1980) and habitat use (Madden et al 2010) of Geoffroy’s tamarin, but few of these
have focused on the species living in a forest habitat surrounded by urban development.
Food Resources
Of all activity, foraging accounts for 11% of activity split between 30% consuming fruits
and 70% searching for insects according to a study by Garber (1984). Tamarins have been found
to forage in a “risk sensitive” way in which they make decisions based on the distance to a
resource and the amount of food that is present (Garber 1987). They may avoid trees with small
amount of food for larger, more consistent feeding trees that are further away. Tamarins often
consume high quality food because their constant movement has a high metabolic cost (Garber
1984). Additionally, tamarins are believed to retain and integrate information regarding food
location, which may be important in the success of foraging, especially since tropical forests are
dense and visual resource detection is difficult (Garber 1989). Tamarins have 3 main food
sources: insects, small fruits, and exudates (plant saps), which are located in different parts of the
forest structure (Garber 1980). Exudates, when in season, have been found to be a very important
resource for Saguinus, especially from one species of tree, Anacardium excelsum (Garber 1980;
Skinner 1984). This tree, commonly known as espavé, is found in PNM (MiAmbiente 2013).
Saguinus is thought to be opportunistic toward exudates, rather than relying on them as a main
food source (Digby et al 2007). Garber (1982) indicated that exudates may be a high energy
source that is rich in calcium, in addition to being a substitute for fruits. Exudates are a
supplement for nutrients that may not be available during certain times of the year (Garber
1982). When fruit is available, ripe fruit is critically important for energy (Garber 1987). The
low availability of fruits during the dry season may cause problems for tamarins, due to their
high consumption patterns (Digby et al 2007). For S. geoffroyi, larger insects constitute more of
their diet in the dry season due to their greater availability (Sussman 2000). Other studies have
found that the diet of monkeys change depending on the season and availability of the food (Guo
et al 2007 Rhinopithecus roxellana; Oliveira and Ferrari 2008 Saguinus niger; Kupsch et al 2014
Saguinus nigrifrons). Because of the importance of food to this species, it is important to
understand what their main food sources are.
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Forest Structure Use
Tamarins are mostly found in secondary growth and forest edges where understory
growth is moderately dense (Skinner 1984, S. geoffroyi; Vidal and Cintra 2006, S. bicolor). They
are thought to inhabit these areas because there is less competition with larger primates (Digby et
al 2007). Tamarins often forage in fragmented habitats with interconnected canopies that extend
into forest gaps (Madden 2010). These gaps foster high species diversity where large amounts of
food are present for tamarin consumption (Madden 2010; Tutin 1999). Their choice habitat and
home range is influenced by the forest structure, including size of canopy opening, number of
lianas, and presence of standing dead trees (Vidal and Cintra 2006; Garber 1984). Madden
(2010) suggests that concentration of food is second to potential for efficient mobility when
foraging, indicating the importance of forest structure for tamarins. Their ability to move
efficiently allows them to easily access food and escape predators. Vidal and Cintra (2006)
suggest that food availability and size of canopy openings influence where Saguinus bicolor is
found. S. bicolor was found to visit areas with smaller canopy openings more often than larger
openings. This is thought to occur because they are more susceptible to predators, including
raptors, when inhabiting more open areas (Vidal and Cintra 2006). To combat this, they often
reduce the amount of time spent resting and participating in social activities, due to increased
predator threat during these activities, instead opting to forage for longer periods of time in
secondary forests (Kupsch et al 2014). Additionally, their foraging activities may be constrained
by their ability to efficiently access areas where food resources are present (Garber 1984). In a
study by Smith (2000), S. mystax and S. fuscicollis differ in where they capture and consume
prey, which reflects differences in foraging strategies between these two species. S. fuscicollis
forages by descending to the forest floor after a period of visual inspection whereas S. mystax
foraged in the subcanopy and canopy by slow stalking (Smith 2000). These varying strategies
influence the height at which each species forages. Kupsch et al (2014) found that Saguinus
nigrifrons varied in what it was foraging for during the day, but the support used and height
within the canopy did not vary significantly. Foraging behavior of S. geoffroyi is relatively
unknown. For the Saguinus genus, habitat choice is dependent on a number of outside factors,
including food availability, forest composition and protection.
Habitat characteristics can influence how the tamarins forage. Tamarins do not have
prehensile tails but have claw like tegulae that enable them to cling to vertical trunks while
feeding (Garber 1980). This allows them to live and feed 3-12 meters above the ground
(Moynihan 1970). They have a distinct preference for feeding on thin supports of <5-10cm and
resting on larger 10-25cm branches, while larger branches, >50cm in circumference, are used for
exudate feeding (Garber 1980). Insect foraging, according to Madden (2010) occurs most often
at a height of less than or equal to 5 m above the ground. Garber (1984) also suggests that dense
low shrubs and vine tangles are important for arthropod fauna. Complex canopy habitats with
scattered resources lend to the complex foraging behavior of the tamarins (Madden 2010).
Tamarins are often associated with spiny vegetation and use a mix of lianas, palms and woody
dicots for various activities (Madden 2010). Alteration of habitat due to forest fragmentation can
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alter the structure of the forest habitat (Arroyo-Rodríguez and Mandujano 2006). This alteration
can change the species of plants that are present, which may alter the quality and quantity of food
resources available for consumption (Arroyo-Rodriquez and Mandujano 2006, Alouatta
palliata). Because of the alterations that come from fragmentation, it is important to understand
how food and habitat resources are used by tamarin species.
Scientific justification
Tamarins, genus Saguinus, are known to be important seed dispersers and aid in the
regeneration of forests (Diaz Munoz 2010). For this reason they are important for forest
ecosystems, especially in fragmented areas. However, very little research has been done on
tamarin foraging in habitat fragments (Kupsch et al 2014). Saguinus geoffroyi that live in Parque
Natural Metropolitano represent a group of tamarins that can provide more insight into tamarin
foraging behavior in fragments. Additionally, studying the most common food sources and the
habitat use of the tamarins can offer a better understanding of their interactions within the forest
habitat. Population studies on this specific population have been conducted, therefore gathering
more information on their activities will begin to improve our understanding of this population
and can help for inform future species conservation plans. Habitat loss and fragmentation is one
of the biggest threats to monkeys, thus increasing the need to study its impacts (Anderson et al
2007). As human development continues to grow and climate change threatens the availability of
resources, studies of the behaviors that sustain these animals are important.
RESEARCH QUESTION
What are the most common food resources (small fruits, insects, small vertebrates or
exudates), foraging location within the forest structure (top canopy, middle canopy, lower
canopy, forest floor, lianas) and the amount of time spent searching for and consuming food
resources of Geoffroy’s tamarin (Saguinus geoffroyi) in Parque Natural Metropolitano, a habitat
surrounded by urban development and fragmented from continuous forest?
METHODS
Mapping of trails
Trails were recorded using GPS (Garmin GPSMAP 64s), Garmin BaseCamp and Google
Maps. GPS settings used the UTM UPS format, NAD 27 datum and the NAD 27 canal zone
spheroid. GPX files of park trails were obtained (E. Jakub, pers. Communication, April 2016)
except for Momotides trail which was created for this study.
Transects
Trail selection was based on a roaming transect method in which each transect was one
trail within the park. Each of the 5 trails within the park was assigned a number, 1 through 5 (1Mono Tití, 2-La Cienaguita, 3- Los Caobos, 4-Los Momotides, 5-El Roble)(Figure 1). At the
beginning of each day, a random number generator defined which of the trails would be walked
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during that day. Trails were walked slowly, scanning the canopy, and listening for the calls of S.
geoffroyi. Transects were walked until a group was detected, following the order determined by
the number generator. Due to time constraints, a new transect was not walked if it was not able to
be completed before 10:00 am.

Figure 1. Trail location within the park. Inset is location of Parque Natural Metropolitano in relation to
Panama City. Photo from Google Maps, 2015 and Google Earth 2016.

Behavioral Observations
Samples were taken from 7:00 am to approximately 10:00 am. The most active foraging
time for Geoffroy’s tamarin is from approximately 6:30 to 7:00 am until 10:30 or 11:00 am
(Peres 1999). Samples were unable to be taken any earlier or later due to safety and time
constraints. At the beginning of the sample day, the start time and daily weather conditions
(cloud cover, temperature, and relative humidity) were recorded. At the first trail indicated by the
random number generator, start time was recorded and the trail was walked, scanning and
listening for tamarin groups. When a group was detected, their location was immediately marked
with the GPS. The GPS points were named as Mono#, where the # is the group number. The first
instantaneous scan began at this point. Instantaneous scan sampling can be used to obtain data on
a large number of individuals and requires the observer to record the number of individuals
within a group that are performing a specified behavior (Altmann 1974; Martin and Bateson
1993). These observations were specified as events and were recorded even if the individual
stopped the activity within the observational period (Altmann 1974). The first instantaneous
event started right after the group was detected. During the instantaneous scan, the group was
observed and the behavior of each individual was noted as foraging (F), resting (R) or moving
(M) (Table 1). The total number of individuals in the group, including the number of juveniles,
was also noted. Foraging was defined as either actively pursuing or eating food, resting was
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defined as sedentary behavior in which the individual was in the same location when observed,
and moving was defined as walking, running or jumping activity (Guo et al 2007). The
approximate location within the forest structure (upper canopy- U, middle canopy-M, lower
canopy-L, forest floor-F, or lianas-N) for each individual in the scan was also recorded (Table 1).
For foraging individuals, the type of food (classified as Fruit- F, Insect-I, Small Vertebrates -V,
Exudates-E or U-Unknown) was noted (Table 1). All individuals seen within one minute of the
start signal were counted in the scan. This provided information on the common foods that were
being eaten, activity budgets, and forest locations. The instantaneous scan occurred every 15
minutes and was indicated by an alarm. These methods are similar to a study by Nadjazadeh et al
(2008), who assessed the foraging behavior of two species of the Saguinus genus in the Amazon,
and Kupsch et al (2014) who studied the relationship of forest type and prey foraging of S.
nigrifrons.
Instantaneous scans were combined with focal surveys during periods between the
instantaneous survey signals as suggested by Nadjazadeh et al (2008) and Kupsch et al (2014).
These observations were considered a state, which is an activity that is observed over time
(Altmann 1974). After the first instantaneous scan was complete, a focal scan began, starting
with the most visible individual in the group. The individual was observed for 5 minutes or until
it was no longer in sight (Nadjazadeh et al 2008). After the 5 minutes, the next focal individual
was determined to be the next most visible individual or the one to the right of the first observed
individual. Care was taken to not record the same individual twice in a row (Altmann 1974,
Nadjazadeh et al 2008). During the focal scan, time of each behavior was recorded using a
stopwatch. For each individual, the amount of time that was spent moving (M), foraging (F), or
resting (R) within the 5 minute scan was recorded (Kupsch et al 2014, Guo et al 2007). More
detailed information on the foraging behavior, such as interactions with other individuals, use of
habitat structure, and whether the individual was an adult or juvenile was also recorded. This
information will help to answer the amount of time that is spent foraging as compared to other
behaviors. Once all individuals were observed by the focal scans, the sequence was repeated
until the group was no longer in sight. If the group moved, they were followed along the same
trail as much as possible. If this occurred, GPS points were recorded periodically along the path
until the group was lost. Exit direction of the group was recorded using a baseplate compass.
When the group was lost, they were attempted to be found for 5 minutes. After this time elapsed,
the observer would move on, looking for other groups. If another group entered the area, the
first group was observed until all within the group were observed by the focal scans. After all
individuals were recorded, the focus shifted to the second group that entered.
Table 1. Summary of codes used to indicate activity, location and food eaten.
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The approximate canopy cover was taken after the observation group was no longer in
sight. Canopy cover was taken in each of the 4 cardinal directions for each marked waypoint
using a densiometer. Canopy cover was used to assess variations in cover type at each of the
observational sites to provide a greater background on habitat use. Once the end of the trail was
reached, the observers went to the next defined trail and repeated the same methodology.
Opportunistic observations were recorded for any groups detected when moving between
transects. Data was not collected on days when heavy rain was present half an hour prior to or
during the designated sampling time.
Analysis
Descriptive statistics were performed for daily environmental characteristics. These were
plotted against number of detections observed each day. Location of initial detection was plotted
on Google Earth to determine the most common areas observed. Average canopy cover overall,
at initial detection points, and for each group was determined by averaging the 4 recordings for
each point. The instantaneous data was used to produce an average percent of time spent
performing classified activities. Observations taken from focal surveys were classified into
groups and frequency of observation was determined. Time of initial detection and location
were plotted to determine the times at which the groups were using different parts of the park. A
Kruskal Wallis non parametric test was used to determine if any significance occurred between
the detection time observed at each transect, frequency of different activities classified into the 3
activity categories, and time of use between trails. Due to the small sample size, this test was
used because it does not assume normal distribution.
RESULTS
Detection Events
Tamarins were observed for 13 days at the end of April, the end of the 3 month dry
season. During 13 days of observation, 23 detection events occurred. Tamarins were observed
for a total of 9.267 hours (556 minutes). The average observation was 25 ±21 minutes. Average
temperature at the start of the day was 27.95±0.935 degrees Celsius. Average relative humidity
at the start of the study day was 85.06±3.589%. No correlation was found between the
temperature the number of detections (R=0.3351). Humidity also had no correlation to number of
detections (R=0.0754). This suggests no correlation between these factors and daily activity.
The average number in each group was 4.47±1.92 individuals for the perceived number
in the group. Most detection events occurred in the southeast section of the accessible area of the
park (Figure 2). There was no significant difference between the amount of observation time that
occurred between observation points (df=5, p=0.7262). There was also no significant difference
in the amount of time that was spent sampling each of the trails (df=4, p=0.42809). There was a
significant difference in the time at which the groups were observed at different sites (df=5,
p=0.04232). Tamarins were seen significantly more on Momotides in the morning between 7:00
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Figure 2. Graphic of detection points and tracks of S. geoffroyi groups observed over the
entire study period.
and 7:30. Mono Tití had significantly more observations between 7:30 and 8:00. Over half of the
detection events occurred before 8:00 am (Figure 3).
There were 4 road crossing events observed at 3 points along Ave Juan Pablo II that
intersects the park on the southeastern side. Three of these crossing events occurred by the
visitors center (point 1, 5 and 13) and the third occurred close to the intersection of Roble and
Mono Tití trails (point 19).
Location and forest resources
From 105 instantaneous observations, S. geoffroyi was observed at ground level 1 time
(0.952%), in the lower canopy 26 times (24.762%), in the middle canopy 57 times (54.286%),
and in the upper canopy 21 times (20.000%) (Figure 4). S. geoffroyi was often observed moving
higher and lower in the canopy as they moved from one location to another. One group was also
observed using power lines along the road in order to access a mango tree and then crossed the
road. Diaz-Munoz (2010) also reported seeing tamarins using human infrastructure to travel,
although noted that these were sporadic and always used to reach another habitat area.
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Figure 3. Number of detections per time period (top) and the transect on which they occurred.
Bottom figure indicates the time of day at which each transect was sampled.

Figure 4. Percent of instantaneous observations at each location within the forest structure
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The average canopy cover of initial points was 88.44±6.7153%. Average canopy cover
over all waypoints was 87.684 ±11.558%. The maximum overall average canopy for all
waypoints was 98.96% cover. Minimum was 40.72% cover. This location was along an edge
near the park center.
Activity
From 106 instantaneous observations, tamarins were observed to be eating 1 time
(0.943%), moving 69 times (65.094%) and resting 36 times (33.962%). Tamarins were also
observed eating and performing other activities outside of these instantaneous observations. In a
total of 105.4 minutes of focal observations, S. geoffroyi was found to be moving 42.110% of the
Percent focal time spent on each activity
18.75
16.818

fruit
moving
42.110

43.75

6.25

resting

tree parts

foraging
41.078

Figure 5. Percent of focal survey times spent
performing each activity category

exudate
unknown

31.25

Figure 6. Percent composition of food from 16 food
consumption observations

time, resting for 41.078% of the time, and foraging 16.818% of the time (Figure 5). Foraging
frequency was 0.2083 observations per minute. For focal observation, movement activity was
classified into 3 subcategories, movement, tree use, and tree type used, resulting in a total of 51
observations of movement. Resting was categorized into resting and grooming behaviors
resulting in a total of 28 observations. Foraging was classified into eating, carrying or searching,
with 23 total observations. A Kruskal Wallis test showed a significant difference between the
frequency of these activities (d.f.=2, p=0.0101). Grooming accounted for approximately 41% of
total resting time.
Food resources
During the 110.4 minutes of focal observations, tamarins were observed to be eating on
16 occasions. Of these, 3 were fruits, including 2 mango fruits and 1 unknown fruit, 1 exudate, 5
different instances of eating tree flowers or buds, and 7 unknown objects which may have been
insects, other tree parts, or another food source (Figure 6). In one instance, one individual was
observed carrying a mango in its mouth to a different location. Tamarins were observed digging
in tree knobs, dead leaves, and eating from tree branches.
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DISCUSSION
Detections
The average group number was less than the usual 6-10 individuals per group reported
for S. geoffroyi (Garber 1980). This may be explained in two ways. The group sizes may be less
in a smaller urban habitat area, especially during the dry season, due to resource need. As group
sizes increase, groups may have to travel further because of a need to obtain food for all
individuals (Gogarten et al 2014). Because there are restriction on where the groups may be able
to go, group sizes may be smaller to reduce need to travel further. Alternately, the remainder of
the group may not have been detected due the some individuals of the group being outside of
detection range. During the dry season, when there is less food available groups spread out over
greater distances, therefore it is possible that other individuals of the group were spread into
areas outside of detection range (Dawson 1979). Skinner (1984) reported that group size varied
among geographical ranges, thus this smaller average group may be due to geographical
variations. The majority of detections occurred before 8:00 am, which agrees with previous
research that suggests this species is most active during the early morning hours (Peres 1999).
Location and Activity
S. geoffroyi spent the most time moving and resting. Large amount of movement may
indicate the need to travel further to access food resources. During resting time, S. geoffroyi was
observed to exhibit both allogrooming, between both adults and adults and juveniles, and
autogrooming. For Saguinus species, grooming is known to often occur during rest times
(Sussman 2000).
The presence of S. geoffroyi in the southern regions of the park may be attributed to
greater presence of food resources in this area. There also may have been some sampling bias for
these regions, especially along Roble trail, because this area had to be walked to access
Cienaguita and Mono Tití, thus increasing the probability of opportunistic observations. The area
along the northern section of Mono Tití was drier, which may explain the lack of detections
within this area. Additionally, there was presence of large birds of prey in this region which may
have dissuaded use. Dawson (1979) indicated that this species always avoided areas with open
canopy or areas that lack vines. Moynihan (1970) found that there was a preference for areas of
moderate canopy cover. While this is mostly supported by the findings of this study since the
average canopy openness was close to 88%, there were times when tamarins were observed in
open canopy areas. These observations occurred when crossing power lines or during some
resting observations. Location 8 was an area with very little leaf cover but had many vines and
branches that provided some camouflage for the group. Average canopy cover may influence
where these groups spend their time.
When compared to park use in November, there was a greater presence of S. geoffroyi in
the southern parts of the park, especially along Momotides and Roble trails (Figure 7)
(McNaughton 2015). This may have been due to greater sampling effort in these areas, but could
also be influenced by resources. The area of Mono Tití trail has a greater presence of S. geoffroyi
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Figure 7. Comparison of forest use and group size of S. geoffroyi in November 2015 (top) and
March 2016 (bottom). Top map from McNaughton 2015.
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during November, the wet season, than in the current study. This area has more canopy cover
during the wet season, thus there may be greater use at this time (Park guard, pers. comm.,
2016). In the dry season, especially in dry forests, upland areas lose 20-40% of their vegetative
cover (Dawson 1979). Both Mono Tití and Cienaguita are located in upland regions of the park.
During the dry season, upland regions are usually devoid of insect life (Dawson 1979). Because
insects and fruits are a large portion of the tamarins’ diet, these areas may be less used during the
dry season.
On multiple occasions, tamarins were seen foraging and resting in espavé trees. This type
of tree is known to be important for S. geoffroyi, and they are commonly observed inhabiting
them during the late dry season and early wet season (Dawson 1979). They were also observed
using black palm trees to move through the forest understory.
The consistent up and down movement of the tamarins is most likely due to finding paths
of travel that are most efficient, as well as where they can access food resources (Madden 2010).
While moving, tamarins were often observed to stop and look around their area, potentially
assessing the best route through the canopy. Relative location within the forest structure found a
majority of observations in the middle canopy. The use of primarily middle canopy indicates that
there may have been a greater amount of food resources in these areas. Additionally, middle
canopy may allow for movement as well as more protection from predators. (Madden et al
2010). This is supported by previous knowledge of tamarin activity being concentrated in the
middle or lower canopy (Sussman 2000). Peres (1992) found that in S. mystax and S. fuscicollis,
prey capture occurred mostly in the middle and lower canopy area, although they foraged in a
stratified manner for insect prey, respectively. Because there was no competition with other
primate species for S. geoffroyi, it may have been able to forage at many levels, supporting its
movement throughout the canopy.
Foraging accounted for 11% of activity in a study done by Garber (1984) at Rodman Fuel
Farm, a secondary, dry tropical forest. This value is slightly less than the 16.8% foraging time
observed in this study, but in both cases it represented the smallest portion of time spent.
Differences may be accounted for in the amount of time spent sampling. Garber included 850
hours of observations compared to the 9.27 hours of observations in this study. The amount of
time observed foraging based on instantaneous scans was less than 1%. This small number may
be due to the nature of instantaneous sampling. Since behavior was only recorded if it was
noticed upon first sighting, the amount of recorded foraging events was very low. Tamarins were
observed to stop and forage in quick bouts, therefore the likelihood of missing this activity
during an instantaneous scan is high.
Road crossings observed by this population of S. geoffroyi align with other observations
of this species crossing open areas, such as large grassy areas (Sussman 2000). This species is
able to cross between fragments in order to access different parts of the forest. Overhanging
branches were important for moving between fragments. In order for connectivity to occur in
urban environments, overhanging canopy that forms bridges across roads should be present, as
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these are the locations where tamarins were observed to cross. Connectivity of canopy is very
important for this species.
Food resources
Common food resources were similar to those found by other studies of Saguinus species,
which includes fruits, exudates, and insects (Garber 1989). According to Sussman (2000), large
bodied insects provide a stable resource for tamarin consumption in the dry season, when other
resources are not available. It is unknown whether this makes a significant part of the diet for S.
geoffroyi in Parque Metropolitano. Future studies should be done to provide a clearer
understanding of the diet of this population. Fruit and flower proportion of diet varies between
Saguinus species but is between 20 and 70% (Sussman 2000). The results of this study fit within
this range, although these results may be skewed due to the small number of observed eating
events. Percentages were based on 16 observations, a very small sample compared to the 1514
cases over 850 hours that were observed by Garber (1982). A simple t-test showed a slightly
significant difference between this study and the study by Garber when comparing number of
eating observations (d.f =4, p=0.0463). Individuals were observed to be eating mangos on one
occasion, and eating unknown food while in a mango tree, indicating the importance of mango
trees.
Garber (1982) found exudates to account for 14.4% of the diet of S. geoffroyi during the
wet season months of May, June and July, and only during these months. Garber (1984) also
suggested that exudate feeding was only available May through July. It is suggested that calcium
required by females for gestation, which occurs during these months, is obtained from exudate
feeding (Garber 1982). The observation in this study occurred in late April. The feeding event
occurred while observing a juvenile. Further studies should be done to assess the importance of
exudates for the population in Parque Metropolitano. The lower value for exudate feeding in this
this study can be attributed to the small number of feeding observations. Both studies indicate
that S. geoffroyi consume exudates and that this resource makes up the smallest portion of their
diet.
Garber (1980) found the diet composition to be 38.4% small fruits and 40% insects.
Insects were not differentiated in this study and are most likely grouped into the unknown
category. Observing what was being eaten was difficult given the distance and size of prey being
consumed. This determination would benefit from using telescopic detection methods in the
future. S. geoffroyi is known to move rapidly on small supports in the understory to capture
insects (Sussman 2000). This supports the observations of quick “stop and go” movements as the
monkeys moved through the forest. As the groups moved through the forest, some individuals
would stop at trees and eat flowers or material from the trees. Madden et al (2010) suggests that
because movement is defined by canopy connectivity, food is harvested spontaneously as it is
encountered along the access points. This was noted in group 6, in which one individual was
observed eating flowers from a tree for a short period of time. It then followed the rest of the
group, who eventually were observed in an espavé tree for more than 8 minutes.
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Limitations
This study was limited by the amount of time. Having only 9.267 hours of observation
time is a small sample size for determining the activity of this species and assessing what it is
eating most. As food consumption varies by season, it should be noted that observations from
this study only apply to April. Observations were limited to the pre-defined trails, allowing only
a small sample of the park area. Thus, only resources that were located within detection distance
from the trails were observed. All transects were not of the same length, introducing some bias in
sampling time. Additionally, the ability to accurately detect what was being eaten limited the
ability to fully assess the diet of this population. Due to the size of prey and location within the
canopy, results may have been skewed. For instantaneous samples, it is assumed that all groups
would be detected during sampling. This may have not been the case, as groups are often hidden
within the canopy structure. Activity was grouped into broad groups, and detailed activity was
not recorded. Future studies would benefit by including more detailed activity profiles.
Additionally, observer inexperience could have led to inaccuracies in number and food
consumption determination.
Recommendations
Future studies would be benefit from monitoring the feeding behaviors and movements of
these individuals throughout the year to obtain more data on what parts of the park are being
used throughout the year. In addition to geographical location, future studies of the size of
branches most used and the forest components, such as presence of lianas, dead trees and thorns,
would be beneficial. It may also be beneficial to follow one group as much as possible during the
day over a number of days to provide insight into the retention of resource location as well as
home range. Additional data collected from the guards and park staff who are very
knowledgeable of the common locations and routes that these groups travel is recommended.
Additionally, a behavioral time budget study for this species may be beneficial to a greater
understanding of how this species persists in an urban forest habitat. Connection and use of the
overpasses over La Amistad may provide more insight into connectivity and resource use outside
of the park. Smaller sampling intervals for instantaneous scans should be used to provide a more
complete activity budget.
CONCLUSION
S. geoffroyi living in Parque Natural Metropolitano were observed to consume the same
resources as previous literature of the same species in different locations. During the dry season,
populations appear to move into the lowland areas during foraging times. Based on observations,
S. geoffroyi spends most of its time moving between feeding sites during the early morning
hours. The most common food resources could not be accurately determined due to time
constraints but perceived diet from this study aligns with previous determinations of food
consumed by this species in less urban landscapes. Tamarins were observed to use all parts of the
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forest structure but were most commonly observed in the middle canopy and often moving to
various location.
Conservation efforts for this species are important. They are vital to seed dispersal as
they are often the only primates found in disturbed environments (Diaz Munoz 2010). Because
of increasing urbanization, species conservation, especially for those that are known to be
tolerant of habitat disturbance, need to be better understood for future conservation efforts of
protected areas near urban development. Since this population uses parts of the park during
different times of the year and different times of the day, any development in and around the
park could have detrimental effects on this population. The results of this study provide baseline
information about group size, movement, and resource use during the dry season in a forest
habitat located within an urban landscape. Future studies should be conducted to provide a
greater understanding of foraging habits of S. geoffroyi in similar habitats.
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